Mutagenicity of stereochemical configurations of 1,3-butadiene epoxy metabolites in human cells.
The mutagenic and carcinogenic effects of 1,3-butadiene (BD*) are related to its bioactivation to several DNA-reactive metabolites, including 1,2-epoxy-3-butene (BDO), 1,2,3,4-diepoxybutane (BDO2), and 1,2-dihydroxy-3,4-epoxybutane (BDO-diol). Accumulated evidence indicates that stereochemical configurations of BD metabolites may play a role in the mutagenic and carcinogenic action of BD. The objective of this study was to evaluate the cytotoxicity and mutagenicity of each stereoisomer of major BD metabolites in human cells. For this purpose, nine stereochemical forms of BDO, BDO2, and BDO-diol were synthesized. TK6 cells, a human lymphoblastoid cell line, were exposed to each stereoisomer. Cytotoxicity was measured by comparing cloning efficiencies (CEs) in chemical-exposed cells versus those in control cells. Based on the results of cytotoxicity tests, TK6 cells were exposed to 0; 2, 4, or 6 pM of each form of BDO2, or to 0, 200, 400, or 600 pMof each form of BDO for 24 hours to determine the mutagenic efficiencies. The exposure concentrations for BDO-diol ranged from 5 to 1000 pM. The mutagenicity was measured by determining, in a lymphocyte cloning assay, the mutant frequencies (Mfs) in the hypoxanthine-guanine phosphoribosyltransferase (HPRT) and thymidine kinase (TK) genes. HPRT mutants collected from cells exposed to the three forms of BDO2 were analyzed by polymerase chain reaction (PCR) to characterize large genetic alterations. All three stereoisomers of BDO2 [(2R,3R)-BDO2, (2S,3S)-BDO2, and meso-BDO2] caused increased HPRT and TK Mfs compared with the concurrent control samples, with P values ranged from 0.05 to 0.001. There were no significant differences in cytotoxicity or mutagenicity among the three isomers of BDO2. Molecular analysis ofHPRTmutants revealed similar distributions of deletion mutations caused by the three isomers of BDO2. There were also no statistical differences in mutagenic efficiencies between the two isomers of BDO [(2R)-BDO and (2S)-BDO] in TK6 cells. These results were consistent with the in vivo finding that there was little difference in the mutagenic efficiencies of (+)-BDO2 versus meso-BDO2 in rodents. Thus, in terms of mutagenic potency, there was no evidence that stereochemical configurations of BDO and BDO2 play a significant role in the mutagenicity and carcinogenicity of BD. The most significant results of this study were the marked differences in cytotoxicity and mutagenicity among the four stereoisomers of BDO-diol [(2R,3R)-BDO-diol, (2R,3S)-BDO-diol, (2S,3R)-BDO-diol, and (2S,3S)-BDO-diol]. (2R,3S)-BDO-diol was at least 30-fold more cytotoxic and mutagenic than the other three forms of BDO-diol. This was consistent with the finding that 75% of the adduct N7-(2,3,4-trihydroxybutyl)guanine (THB-Gua) originated from (2R,3S)-BDO-diol in the lungs of mice exposed to BD. The mutagenic potency of (2R,3S)-BDO-diol was much closer to that of BDO2 than previously demonstrated in experiments in which stereochemistry was not considered. The current study demonstrated that the mutagenic potency of (2R,3S)-BDO-diol was only 5-to-l0-fold less than the average equimolar effect of BDO2 stereoisomers in the HPRT and TK genes, and was 10-to-20-fold greater than the average equimolar effect of BDO stereoisomers in the HPRT and TKgenes. Previous DNA and hemoglobin adduct data demonstrated that BDO-diol is the dominant BD metabolite available to react with macromolecules in vivo after BD exposure (Pérez et al. 1997; Swenberg et al. 2001). Thus, the differences in BD carcinogenesis among rodent species may be significantly accounted for by the stereochemistry-dependent distributions of BDO-diol metabolites and BDO-diol-DNA adducts, and by the mutagenic efficiencies of BDO-diol in mice and rats.